The frequent occurrence of peripheral vascular collapse or shockt in severe diabetic acidosis has long been recognized. 3' 5, 6 7, 8 11, 16, 20, 24, 25, 29 The deficit of sodium chloride and water which characterizes diabetic acidosis has been considered to be a causal factor of the shock.20 ' 22, 24, 25, 29 All programs proposed within recent years for the therapy of severe diabetic acidosis stress the importance of the salt and water deficit by advocating the parenteral administration -of saline. 1, 3, 16, 17, 18, 20, 25, 26, 27 Recently, fatal results in the treatment of diabetic acidosis and coma have been blamed on the early use of glucose, implying that glucose has some undefined toxic action.7 18,27,28 The evidence cited consists mainly of case reports. These reports raise the possibility that the injection of glucose solwtioms, or that glucose per se, may under some circumstances prove harmful. A more precise definition of the respective roles of salt and of water depletion in the etiology of peripheral vascular collapse is now availatble, and the effects of intravenous glucose, saline, and colloid solution in the therapy of shock due to salt depletion have been described.10 12, 32 In a previous analysis the experimental proof in favor of the early use of glucose in diabetic acidosis has been assembled.23
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Shock and the cause of death in diabetic acidosis
The results of a general analysis of 154 cases of diabetic acidosis who survived and of 34 cases who died are presented in table 1.* Only severe cases with obvious over-ventilation were included. The greater age of the patients and the high proportion of females in the fatal group have been reported in almost all series. As a group, the patients who died were more seriously ill, in that the incidence of coma, the frequency of subnormal body temperatures, and the height of the admission blood sugar were greater than in the group which recovered.
Of the 34 fatal cases, 17 had conditions along with diabetic acidosis which might have been responsible in whole or in part for death. Four were ill with septicemia due to streptococcus or staphylococcus, 4 were admitted with extensive pneumonia, 3 had acute pancreatitis, 2 had coronary 'thrombosis, and 1 each had cerebral hemorrhage, chronic nephritis, multiple pulmonary abscesses, and cellulitis of the neck with gangrene of the abdomen. Nine of these 17 patients were in peripheral vascular collapse. On the other hand, peripheral vascular collapse was present in every one of the other 17 fatal cases of diabetic acidosis without major complicating disease. Hypoglycemic reactions may have contributed to a fatal result in 3 of the patients without complicating disease.
The more frequent occurrence of peripheral collapse among the fatal cases suggests some intimate relationship between this state of the vascular system and a fatal outcome. Persistent hypotension was the main criterion of vascular collapse. Tachycardia was almost always present and did not necessarily indicate shock. It is pertinent that the incidence of hypochloremia and of azotemia was distinctly higher in the group of fatal cases (table 1) .
In table 2 the treatment of the fatal cases is compared with that of the patients who survived. There were no significant differences between the two groups in -the duration of therapy, the amounts of fluid and salt given, or in the rate of administration of carbohydrate during the first 6 hours. On the average, a little less carbohydrate and a little more insulin were given to the fatal cases. The early behavior of the blood sugar was about the same in the two groups. A much larger proportion of the fatal cases were transfused. This was merely another expression of the high incidence of shock in this group, since, in general, transfusion was not done unless there was marked hypotension. In summary, the findings which have just been cited confirm the fact that some measure of peripheral vascular collapse is commonly found in severe diabetic acidosis, and that its persistence is the usual reason for failure to recover from the acidosis. Figure 1 shows the initial values for serum chloride and serum bicarbonate* in 67 of the 188 cases of diabetic acidosis. Open circles represent cases without vascular shock, closed circles those with shock. The incidence of shock is unusually high in the cases with hypochloremia. On the other hand, the presence or absence of shock is poorly correlated with the concentration of bicarbonate in serum. Hypochloremia indicates either that there has been a loss of chloride out of proportion to the loss of water, or that there has been some expansion of body water without addition of salt. Since water loss is a characteristic feature of diabetic acidosis, the latter alternative * Calculated from the serum carbon dioxide content by the formula: Bicarbonate (m.Eq. per liter) = 0.432 X CO2 content (volumes per cent).
Salt depletion in diabetic acidosis
is excluded, and the total loss of chloride from the body must have been even greater than that indicated by the hypochloremia. Even in those instances in which chloride concentration was normal, the total amount of this anion must have been decreased. This is supported by the balance experiments conducted in this laboratory in which the initial total salt deficit in diabetic acidosis was estimated from the amount of salt retained during the recovery period. 20 The deficits greatly exceeded those calculated from the degree of hypochloremia alone. Moreover, salt retention was observed even in patients in whom the concentration of chloride in serum was not decreased. Since the deficits of sodium equal or exceed those of chloride, hypochloremia also indicates a deficit of sodium. The findings in Fig. 1 suggest the close correlation between severity of salt depletion and incidence of peripheral vascular collapse. The close association between hypochloremia and shock is further emphasized by the high incidence of azotemia in patients with a decreased concentration of serum chloride (Fig. 2 ). This retention of nitrogen follows upon the dehydration and circulatory collapse.
Cause of salt depletion Sodium and chloride are lost during the development of diabetic acidosis either through vomiting or in the urine, since diarrhea is only an occasional accompaniment. The high incidence of vomiting in diabetic acidosis is shown in Fig. 3 Relation of the salt depletion to the peripheral vascular collapse of diabetic acidosis Recent experimental work has indicated that it is the loss of the salt rather than the loss of water which results in shock. Shock does not develop under experimental conditions in which water is lost without loss of salt."2 Clinically, of course, the two are seldom dissociated. Whenever salt is lost, with or without water, all the phenomena of peripheral vascular collapse appear: the plasma volume contracts, circulating plasma protein is lost, the cardiac output diminishes, the blood pressure falls, and the circulation velocity decreases. Fluid moves into the cells from the extracellular spaces in response to osmotic forces. If the salt depletion and the circulatory collapse are severe enough, death will ensue. Re-expansion of the extracellular volume by intravenous glucose solutions is followed by little, if any, circulatory improvement.10 On the other hand, early replacement of the salt deficit restores efficient cardiovascular function. A similar favorable response is observed after intravenous colloid solutions. Evidence is also available that under certain circumstances the use of colloid and salt solution together produces an improvement in the circulation which can not be clbtained with either alone. 2 These experiments establish a physiological background for the view that shock in diabetic acidosis is in large measure a consequence of the salt depletion. The effectiveness of liberal administration of saline in combating the shock of diabetic acidosis is also explained. It is clear, therefore, that intravenous glucose solutions alone may prove deleterious in diabetic acidosis, not only because the salt deficit has not been replaced but also because the concentration of salt in body fluids has been further decreased.
Use of parenteral saline and sodium bicarbonate or lactate in the treatment of diabetic acidosis Full replacement of the salt deficit is therapeutically essential. Unfortunately, at the time the patient is first seen there is no way of estimating the extent of the deficit with any certainty. It has already been pointed out that estimates of salt deficit based on the degree of hypochloremia are misleading. As a practical matter, therefore, enough salt must be given to all patients to cover the maximum deficit which any of them might have. Balance experi-ments during recovery have demonstrated deficits as great as 35 or 40 grams of sodium chloride. This amount should, therefore, be given parenterally as a routine measure. Isotonic saline solutions should be used, in order to replace the water deficit along with that of salt. The saline may be given both intravenously and subcutaneously. The bulk of it is probably more safely given by clysis than by the intravenous route, for two reasons. If the circulation is inadequate, it will be absorbed only gradually, thus minimizing the danger RATE Eighteen patients developed hyperchloremia ranging from 105 to 120.7 m.Eq. per liter. Hyperchloremia did not retard the rise of serum bicarbonate toward normal. of pulmonary edema. Secondly, large intravenous infusions, though affecting early salt depletion shock favorably,10 may intensify the severity of some types of late shock.4 Only enough saline to serve as a vehicle for glucose need be given intravenously.
This procedure will necessarily result in giving an excess of salt to many patients. This is not a matter for serious concern, since eventually the excess will be excreted by the kidneys. Temporarily, however, some hyperchloremia may result. There is no evidence from our statistics that in adults this hyperchloremia is harmful; patients who developed hyperchloremia during the course of treatment showed a lower mortality and a lower incidence of peripheral vascular collapse than did those which were observed in the nonfatal group as a whole. Hyperventilation disappeared just as rapidly, despite the hyperchloremia. This is further supported by the finding that the serum bicarbonate concentration rose toward. normal at as rapid a rate in the patients who develop hyperchloremia as it did in those whose chloride concentration in serum was not abnormally elevated (Fig. 4) . As a practical matter, we have found the administration of lactate or bicarbonate unnecessary in the great majority of adult patients, since the hyperchloremia resulting from the giving of sodium chloride alone is usually too slight to cause an acidosis of any clinical significance or to interfere with the resumption of carbohydrate metabolism.
Use of colloid solu4tions, especially plasma and whole blood, in the treatment of the shock of diabetic acidosis
The view that shock in diabetic acidosis is mainly a consequence of salt depletion should not lead to the erroneous corollary that salt replacement is sufficient therapy. Solutions containing colloid, such as plasma, are urgently indicated for two reasons. In the first place, although shock may be initiated by salt depletion it may have progressed, by the time treatment is instituted, to a secondary stage in which saline infusion is no longer effective. Second, even in the early stages of salt depletion shock, the effects of colloid containing solutions in combating vascular collapse are greater than are those of the saline which they contain.32
It is our belief that in our own series patients were not transfused early enough or often enough. The presen;t availability of frozen plasma and of bank blood obviates the main reasons for delay in the past. Our experience suggests the therapeutic value of transfusion.
Of 19 cases with hypochloremia and shock, 11 were transfused at some time during their course, while 8 were treated without transfusion. All received large amounts of salt and water. Three died in each group. Since transfusions were selectively given to the more profoundly shocked patients, a higher mortality might be expected in the group with transfusion if these were therapeutically ineffective.
On the contrary, the mortality in this group is, if anything, slightly better than that in the untransfused group.
Whole blood, when available, is probably the most effective colloid, although many workers maintain that plasma may be equally beneficial. The relative efficacy of these two substances in the treatment of shock without hemorrhage requires more extensive investigation. Gelatin appears to be an efficient substitute for plasma. '9 It has almost completely replaced acacia, which is undesirable because of its deposition in the liver."5
Use of insulin, glucose, and glucose solutions in diabetic acidosis
We have given, as a rule, 40 or 50 units of regular (crystalline) insulin every hour until the blood sugar drops; the individual doses are then decreased and the intervals between them lengthened, depending on subsequent changes in the blood sugar. Somewhat larger doses have been advocated, however, without much convincing evidence of their value.'8 There is apparently little relationship between the size of the initial dose and the first fall in blood sugar. Larger doses may make the control of subsequent hypoglycemia more difficult.
There is no question about the need for glucose in 'diabetic acidosis after the blood sugar has returned to normal levels. As has been pointed out before, however, there is some difference of opinion concerning the advisability of its administration in the first few hours, before insulin action has been well established. From a theoretical point of view, there is much to be said in favor of maintaining a high blood sugar by early administration of glucose, in order to favor oxidation of glucose, supplement the action of insulin, reduce the destruction of protein, and diminish the production of ketone bodies. The evidence in support of this conclusion has recently been reviewed by Peters.23 It has been the practice in this hospital to administer an average of 100 grams of glucose during the first six hours of treatment. One half or more of this amount is given during the first two hours. The glucose is injected intravenously either as a 10 per cent or 50 per cent solution. Using these amounts of glucose we have been unable to demonstrate any correlation between mortality and the initial rate of carbohydrate administration (table 2) .
The clinical observations of Mirsky22 and of others30' 3' have demon-strated that large amounts of glucose may safely be administered early in the course of acidosis, provided that the therapy is otherwise adequate. Recently Conn and Bauer9 have reported studies in diabetic coma which indicate that the early administration of glucose facilitates the utilization of carbohydrate.
The excellent mortality figures of Joslin and Root, who give no glucose initially, prove that early administration of carbohydrate is not essential. These workers have not studied the problem to determine whether this procedure is beneficial. Their contention that glucose per se is harmful in early diabetic acidosis is based upon cases which really demonstrate the results of inadequate salt therapy rather than the toxic effects of glucose.27 Delay in rise of the respiratory quotient need not mean failure to oxidize carbohydrate under circumstances in which ketosis and acidosis are rapidly decreasing.
Hypoglycemic reactions occur most frequently after the ninth or tenth hour of treatment, particularly in patients in whom the rate of carbohydrate administration is not increased after the tenth hour.
Blood sugar values should be determined, therefore, at sufficiently short intervals to detect the first approach of the blood sugar to no-rmal values, so that glucose can then be administered in sufficient quantities to avoid hypoglycemia.
The injection of glucose solution subcutaneously creates a pool of non-salt containing fluid under the skin. If the patient is already in peripheral vascular collapse this pool will be absorbed but slowly. Meanwhile salt will diffuse into the glucose solution, thereby removing salt temporarily from the rest of the body. This results in an aggravation of the already existing salt deficit, with possible disastrous effects on the circulation. Temporary ill effects of a large glucose clysis, presumably due to this cause, have been demonstrated in a normal animal.'3 A large glucose hypodermoclysis produced for a time effects on plasma volume and circulatory dynamics identical with those of salt depletion shock. Glucose solutions should not, therefore, be administered by hypodermoclysis until the salt deficits have been replaced and shock has been treated.
Summary and conclusions 1. Circulatory collapse is an important factor contributing to death during diabetic acidosis and coma.
2. The shock is mainly a consequence of a severe salt depletion, which in turn results largely from vomiting.
3. Treatment must include not only restoration of the salt and water deficit but also early and repeated use of colloid solutions.
4. Glucose solutions may aggravate the salt deficit of diabetic coma if they are given subcutaneously.
5. The use of insulin and glucose in the treatment of diabetic acidosis has been discussed.
